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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] This invention relates generally to an appara- 
tus and system for making downhole measurements 
during the drilling of a wellbore. In particular, it relates 
to an apparatus and system for making downhole meas- 
urements at or near the drill bit during directional drilling 
of a wellbore. 

Description of the Related Art 

[0002] In drilling a directional well, it is common to use 
a bottom hole drilling assembly (BHA) that is attached 
to a drill collar as part of the drill string. This BHA typi- 
cally includes (from top down), a drilling motor assem- 
bly, a drive shaft system including a bit box, and a drill 
bit. In addition to the motor, the drilling motor assembly 
includes a bent housing assembly which has a small 
bend angle in the lower portion of the BHA. This angle 
causes the borehole being drilled to curve and gradually 
establish a new borehole inclination and/or azimuth. 
During the drilling of a borehole, if the drill string is not 
rotated, but merely slides downward as the drill bit is 
being driven by only the motor, the inclination and/or the 
azimuth of the borehole will gradually change due to the 
bend angle. Depending upon the "tool face" angle, that 
is, the angle at which the bit is pointing relative to the 
high side of the borehole, the borehole can be made to 
curve at a given azimuth or inclination. If however, the 
rotation of the drill string is superimposed over that of 
the output shaft of the motor, the bend point will simply 
travel around the axis of the borehole so that the bit nor- 
mally will drill straight ahead at whatever inclination and 
azimuth have been previously established. The type of 
drilling motor that is provided with a bent housing is nor- 
mally referred to as a "steerable system". Thus, various 
combinations of sliding and rotating drilling procedures 
can be used to control the borehole trajectory in a man- 
ner such that eventually the drilling of a borehole will 
proceed to a targeted formation. Stabilizers, a bent sub, 
and a "kick-pad" also can be used to control the angle 
build rate in sliding drilling, or to ensure the stability of 
the hole trajectory in the rotating mode. 
[0003] Referring initially to the configuration of Fig. 1 , 
a drill string 10 generally includes lengths of drill pipe 1 1 
and drill collars 12 as shown suspended in a borehole 

13 that is drilled through an earth formation 9. A drill bit 

14 at the lower end of the drill string is rotated by the 
drive shaft 15 connected to the drilling motor assembly 
16. This motor is powered by drilling mud circulated 
down through the bore of the drill string 10 and back up 
to the surface via the borehole annulus 13a. The motor 
assembly 16 includes a power section (rotor/stator or 
turbine) that drives the drill bit and a bent housing 17 
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that establishes a small bend angle at its bend point 
which causes the borehole 13 to curve in the plane of 
the bend angle and gradually establish a new borehole 
inclination. As noted above, if rotation of the drill string 

s 10 is superimposed over the rotation of the drive shaft 
15, the borehole 13 will be drilled straight ahead as the 
bend point merely orbits about the axis of the borehole. 
The bent housing can be a fixed angle device, or it can 
be a surface adjustable assembly. The bent housing al- 

io so can be a downhole adjustable assembly as disclosed 
in U.S. Patent 5,117,927. Alternately, the motor assem- 
bly 16 can include a straight housing and can be used 
in association with a bent sub well known in the art and 
located in the drill string above the motor assembly 16 

is to provide the bend angle. 

[0004] Above the motor in this drill string is a conven- 
tional measurement while drilling (MWD) tool 18 which 
has sensors that measure various downhole parame- 
ters. Drilling, drill bit and earth formation parameters are 

20 the types of parameters measured by the MWD system. 
Drilling parameters include the direction and inclination 
(D&l) of the BHA. Drill bit parameters include measure- 
ments such as weight on bit (WOB), torque on bit and 
drive shaft speed. Formation parameters include meas- 

25 urements such as natural gamma ray emission, resis- 
tivity of the formations and other parameters that char- 
acterize the formation. Measurement signals, repre- 
sentative of these downhole parameters and character- 
istics, taken by the MWD system are telemetered to the 

30 surface by transmitters in real time or recorded in mem- 
ory for use when the BHA is brought back to the surface. 
[0005] As shown in Fig. 1 , when an MWD tool 1 8, such 
as the one disclosed in commonly-assigned U.S. Patent 
5,375,098, is used in combination with a drilling motor 

35 16, the MWD tool 18 is located above the motor and a 
substantial distance from the drill bit. Including the 
length of a non-magnetic spacer collar and other com- 
ponents that typically are connected between the MWD 
tool and the motor, the MWD tool may be positioned as 

40 much as 20 to 40 feet (6.1 to 12.2 meters) above the 
drill bit. These substantial distances between the MWD 
sensors in the MWD tool and the drill bit mean that the 
MWD tool's measurements of the downhole conditions, 
related to drilling and the drill bit at a particular drill bit 

45 location, are made a substantial time after the drill bit 
has passed that location. Therefore, if there is a need 
to adjust the borehole trajectory based on information 
from the MWD sensors, the drill bit will have already 
traveled some additional distance before the need to ad- 

50 just is apparent. Adjustment of the borehole trajectory 
under these circumstances can be a difficult and costly 
task. Although such large distances between the drill bit 
and the measurement sensors can be tolerated for 
some drilling applications, there is a growing desire, es- 

55 pecially when drilling directional wells, to make the 
measurements as close to the drill bit as possible. 
[0006] Two main drilling parameters, the drill bit direc- 
tion and inclination are typically calculated by extrapo- 
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lation of the direction and inclination measurements 
from the MWD tool to the bit position, assuming a rigid 
BHA and drill pipe system. This extrapolation method 
results in substantial error in the borehole inclination at 
the bit especially when drilling smaller diameter holes, 
that is, less than 6 inches (less than about 1 5.2 cm), and 
when drilling short radius and re-entry wells. 
[0007] Another area of directional drilling that requires 
very accurate control over the borehole trajectory is "ex- 
tended reach" drilling applications. These applications 
require careful monitoring and control in order to ensure 
that a borehole enters a target formation at the planned 
location. In addition to entering a formation at a prede- 
termined location, it is often necessary to maintain the 
borehole drilling horizontally in the formation. It is also 
desirable for a borehole to be extended along a path 
that optimizes the production of oil, rather than water 
which is found in lower portions of a formation, or gas 
found in the upper portion of a formation. 
[0008] In addition to making downhole measurements 
which enable accurate control over borehole trajectory, 
such as the inclination of the borehole near the bit, it is 
also highly desirable to make measurements of certain 
properties of the earth formations through which the 
borehole passes. These measurements are particularly 
desirable where such properties can be used in connec- 
tion with borehole trajectory control. For example, iden- 
tifying a specific layer of the formation such as a layer 
of shale having properties that are known from logs of 
previously drilled wells, and which is known to lie a cer- 
tain distance above the target formation, can be used in 
selecting where to begin curving the borehole to insure 
that a certain radius of curvature will indeed place the 
borehole within the targeted formation. A shale forma- 
tion marker, for example, can generally be detected by 
its relatively high level of natural radioactivity, while a 
marker sandstone formation having a high salt water 
saturation can be detected by its relatively low electrical 
resistivity. Once the borehole has been curved so that 
it extends generally horizontally within the target forma- 
tion, these same measurements can be used to deter- 
mine whether the borehole is being drilled too high or 
too low in the formation. This determination can be 
based on the fact that a high gamma ray measurement 
can be interpreted to mean that the hole is approaching 
the top of the formation where a shale lies, and a low 
resistivity reading can be interpreted to mean that the 
borehole is near the bottom of the formation where the 
pore spaces typically are saturated with water. However, 
as with D&l measurements, sensors that measure for- 
mation characteristics are located at large distances 
from the drill bit. 

[0009] One approach, by which the problems associ- 
ated with the distance of the D&l measurements, bore- 
hole trajectory measurements and other tool measure- 
ments from the drill bit can be alleviated, is to bring the 
measuring sensors closer to the drill bit by locating sen- 
sors in the drill string section below the drilling motor. 



However, since the lower section of the drill string is typ- 
ically crowded with a large number of components such 
as a drilling motor power section, bent housing, bearing 
assemblies and one or more stabilizers, the inclusion of 

5 measuring instruments near the bit requires the ad- 
dressing of several major problems that would be cre- 
ated by positioning measuring instruments near the drill 
bit. For example, there is the major problem associated 
with telemetering signals that are representative of such 

10 downhole measurements uphole, through or around the 
motor assembly, in a practical and reliable way. 
[0010] A concept for moving the sensors closer to the 
drill bit was implemented in Orban et. al, U.S. Patent 
5,448.227. This patent is directed to a sensor sub or as- 

15 sembly that is located in the drill string at the bottom of 
the motor assembly, and which includes various trans- 
ducers and other means for measuring parameters such 
as inclination of the borehole, the natural gamma ray 
emission and electrical resistivity of the formations, and 

20 variables related to the performance of the drilling motor. 
Signals representative of such measurements are te- 
lemetered uphole, through the wall of the drill string or 
through the formation, a relatively short distance to a 
receiver system that supplies corresponding signals to 

25 the MWD tool located above the drilling motor. The re- 
ceiver system can either be connected to the MWD tool 
or be a part of the MWD tool. The MWD tool then relays 
the information to the surface where it is detected and 
decoded substantially in real time. Although the tech- 
no niques of this patent make substantial progress in mov- 
ing sensors closer to the drill bit and overcoming some 
of the major telemetry concerns, the sensors are still ap- 
proximately 6 to 1 0 feet (about 1 .8 to about 3 meters) 
from the drill bit. In addition, the sensors are still located 

35 in the motor assembly and the integration of these sen- 
sors into the motor assembly can be a complicated proc- 
ess. 

[001 1] A technique that attempts to address the prob- 
lem of telemetering the measured signals uphole 

40 around the motor assembly to the MWD tool uses an 
electromagnetic transmission scheme to transmit 
measurements from behind the drill bit. In this system, 
a fixed frequency current signal is induced through the 
drill collar by a toroidal coil transmitter. As a result, the 

<5 current flows through the drill string to the receiver with 
a return path through the formation. The propagation 
mode is known as a Transverse Magnetic (TM) mode. 
In this propagation mode, transmission is unreliable in 
extremely resistive formations, in formations with very 

so resistive layers alternating with conductive layers, and 
in oil-based mud with poor bit contact with the formation. 
[0012] Therefore, there still remains a need for a sys- 
tem that can improve the accuracy of bit measurements 
by placing sensors at the drill bit and reliably transmitting 

55 these signals uphole to MWD equipment for transmis- 
sion to the earth's surface. 

[001 3] As earlier stated there can be a substantial dis- 
tance between the drilling motor and the drill bit. This 
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distance is caused by several pieces of equipment that 
are necessary for the drilling operation. One piece of 
equipment is the shaft used to connect the motor rotor 
to the drill bit. The motor rotates the shaft which rotates 
the drill bit during drilling. The drill bit is connected to the 
shaft via a bit box. The bit box is a metal holding device 
that fits into the bowl of a rotary table and is used to 
screw the bit to (make up) or unscrew (break out) the bit 
from the drill string by rotating the drill string. The bit box 
is sized according to the size of the drill bit. In addition, 
the bit box has the internal capacity to contain equip- 
ment. 

[0014] Fig. 2 illustrates a conventional drilling motor 
system. A bit box 19 at the bottom portion of the drive 
shaft 15 connects a drill bit 14 to the drive shaft 15. The 
drive shaft 1 5 is also connected to the drilling motor pow- 
er section 1 6 via the transmission assembly 1 6a and the 
bearing section 20. The shaft channel 1 5a is the means 
through which fluid flows to the drill bit during the drilling 
process. The fluid also carries formation cuttings from 
the drill bit to the surface. In the drilling system of Fig. 
2, no instrumentation is located in or near the bit box 19 
or drill bit 14. The closest that the instruments would be 
to the drill bit would be in the lower portion of the motor 
power section 16 as described in U.S. Patent 5,448,227 
or in the MWD tool 18. As previously stated, the sensor 
location is still approximately 6 to 1 0 feet (about 1 .8 to 
about 3 meters) from the drill bit. The positioning of 
measurement instrumentation in the bit box would sub- 
stantially reduce the distance from the drill bit to the 
measurement instrumentation. This reduced distance 
would provide an earlier reading of the drilling conditions 
at a particular drilling location. The earlier reading will 
result in an earlier response by the driller to the received 
measurement information when a response is neces- 
sary or desired. 

[0015] In view of the above, it is a general object of 
the present invention to provide a more accurate deter- 
mination of the detected drilling, drill bit and earth for- 
mation parameters and characteristics for transmission 
to uphole equipment during the drilling of a borehole. 
[0016] Another object of the present invention is to 
provide improved control of borehole trajectory during 
the drilling of wells (in particular, short-radius, re-entry 
and horizontal wells). 

[0017] A third object of the present invention is to pro- 
vide a system for making borehole measurements at the 
actual point of the formation drilling. 
[0018] A fourth object of the present invention is to 
provide an instrumented drill bit that can perform drilling, 
drill bit and formation measurements at the drill bit loca- 
tion during the drilling of a well. 

SUMMARY OF THE INVENTION 

[0019] The present invention is an apparatus and sys- 
tem for making measurements at the drill bit using sen- 
sors in the bit box attached directly to the bit. Sensor 
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measurements are transmitted via wireless telemetry to 
a receiver located in a conventional MWD tool. 
[0020] The bit box of the present invention is an ex- 
tended version of a standard bit box that allows for the 
5 placement of instruments (for example one axis accel- 
erometer) in the bit box for making measurements dur- 
ing drilling. A transmitter antenna located in the bit box 
provides wireless telemetry from the bit box to a receiver 
located above the drilling motor and usually in the MWD 
w tool. The transmitter and receiver mentioned herein are 
both capable of transmitting and receiving data. The 
transmitter antenna is shielded to protect the antenna 
from borehole elements and conditions. The bit box in- 
strumentation is powered by batteries in the bit box and 
is controlled by electronic components. All system compo- 
nents with the exception of the accelerometer are locat- 
ed in an annular fashion on the bit box periphery and 
are protected by a pressure shield. 
[0021 ] Another implementation of the invention pack- 
ages the same measuring instruments in a separate sub 
that attaches to the bit box. Because of the addition of 
the extended bit box or extended sub, wear on the bear- 
ings is increased. To reduce this wear, both implemen- 
tations may include a near bit stabilizer. A near bit sta- 
bilizer reduces wear on the bearings by moving the sta- 
bilization point closer to the drill bit. Except for the ex- 
tended sub device, the implementation of the second 
embodiment is the same as the first embodiment. Al- 
though the extended sub embodiment may be slightly 
longer than the extended bit box embodiment, the ex- 
tended sub may be more desirable to implement be- 
cause the extended sub does not require majorchanges 
to the existing equipment such as those required to use 
the extended bit box shown in Fig. 3. The extended bit 
box has to be modified at its uphole end to connect with 
the drilling equipment. As shown in Fig. 4, the extended 
sub can be attached to a standard bit box and the drill 
bit attached to the extended sub. 
[0022] A third implementation of the present invention 
has the measuring instrumentation placed in the drill bit. 
In this embodiment, the upper portion of the drill bit is a 
housing that contains the measuring instruments, the te- 
lemetry means and power and control devices. The drill 
bit housing is connected to the bit box. 
[0023] The measurements made by the present in- 
vention may be transmitted via electromagnetic or sonic 
frequency pulses. These pulses are demodulated by the 
receiver coil. This data is typically decoded and subse- 
quently transmitted in real time via mud pulses to the 
surface. The data that is transmitted includes drilling da- 
ta (such as bit inclination and bit direction data), drill bit 
data (such as weight on bit) and formation measure- 
ments. 

[0024] The present invention provides several im- 
provements over other systems. The measurement of 
inclination at the bit (not necessarily the borehole incli- 
nation when the bent sub is present) allows more accu- 
rate calculation of the borehole inclination when used 
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with MWD D&l measurements. Measurement of inclina- 
tion at the bit provides improved control in drilling wells 
such as short radius, re-entry and horizontal wells. The 
first embodiment, which consists of an extended bit box, 
is especially effective in short radius and re-entry appli- 
cations since it allows a greater build angle. The second 
embodiment, which consists of an extended sub, is par- 
ticularly effective in extended reach well applications or 
where a moderate build angle is required. A benefit of 
the extended sub embodiment is that there is no require- 
ment for any modifications to the existing drilling motor 
[0025] The present invention is not limited to any spe- 
cific sensor. A three-axis accelerometer may be used to 
allow full inclination measurements. Other measure- 
ments while drilling parameters may also be added. The 
wireless telemetry can be electromagnetic or acoustic. 
Other known telemetry systems can be used to transmit 
the measured data. In addition, the data transmission of 
this invention is not limited to a wireless transmission 
application only or to having the transmitter antenna lo- 
cated in the bit box. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

Fig. 1 is a schematic view that shows a deviated 
extended reach borehole with a string of measure- 
ment and drilling tools therein including those of the 
present invention; 

Fig. 2 is a cross-section of the lower portion of a 
drilling assembly without the inclusion of the 
present invention; 

Fig. 3 is a schematic view of the extended bit box 
embodiment of the present invention; 
Fig. 4 is a schematic view of the extended sub em- 
bodiment of the present invention; 
Fig. 5 is a cross-section view of the lower portion of 
a drilling assembly incorporating the extended bit 
box embodiment of the present invention; 
Fig. 6 is a cross-section view of the extended bit box 
embodiment of the present invention; 
Fig. 7 is an perspective view of the extended bit box 
embodiment of the present invention; 
Fig. 8 is a cross-section view of the batteries and 
the sensing instrumentation mounted inside the 
channel of the drive shaft; 
Fig. 9 is a cross-section view of the transmitter and 
control circuitry of the present invention; and 
Fig. 1 0 is a schematic view of the lower portion of a 
drilling string with an instrumented drill bit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] An extended bit box embodiment of the 
present invention is shown in Fig. 3. This extended bit 
box 21 connects the drill bit to drilling motor 16 via drive 



shaft 15 which passes through bearing section 20. The 
bit box contains instrumentation 25 to take measure- 
ments during drilling of a borehole. The instrumentation 
can be any arrangement of instruments including accel- 

s erometers, magnetometers and formation evaluation in- 
struments. The bit box also contains telemetry means 
22 for transmitting the collected data via the earth for- 
mation to a receiver 23 in the MWD tool 18. Both trans- 
mitter 22 and receiver 23 are protected by shields 26. 

10 Data is transmitted around the drilling motor 16 to the 
receiver. 

[0028] An extended sub embodiment of the invention 
is shown in Fig. 4. The extended sub 24 connects to a 
standard bit box 19. The use of an extended sub does 

is not require modifications to the currently used bit box 
19 described in Fig. 2. The extended sub contains the 
measurement instrumentation 25 and a telemetry 
means 22. (For the purpose of this description, the 
measurement instrumentation 25 shall be referred to as 

20 an accelerometer 25a.) These components and others 
are arranged and operate in a similar manner to the ex- 
tended bit box embodiment. 
[0029] Fig. 5 is a cross-section view of the present in- 
vention modified from Fig. 2. The bit box 1 9 of Fig. 2 has 

25 been extended as shown to form extended bit box 21 . 
Transmitter 22 is now located in the bit box. The bit box 
now has the capability of containing measurement 
equipment not located in the bit box in prior tools. 
[0030] The extended bit box embodiment of the 

30 present invention is shown in more detail in the cross- 
section view of Fig. 6. An accelerometer 25a for meas- 
uring inclination is located within a housing 27 which is 
made of a light weight and durable metal. The housing 
is attached to the inner wall of the drive shaft 15 by a 

35 bolt 28 and a through hole bolt 29. A wire running 
through the bolt 29 establishes electrical communica- 
tion between the accelerometer25a and control circuitry 
in the electronic boards 36. The housing containing the 
accelerometer is positioned in the drive shaft channel 

40 15a. Since drilling mud flows through the drive shaft 
channel, the housing 27 will be exposed to the mud. This 
exposure could lead to the eventual erosion of the hous- 
ing and the possible exposure of the accelerometer to 
the mud. Therefore, a flow diverter 30 is bolted to the 

45 upper end of the accelerometer housing 27 and diverts 
the flow of mud around the accelerometer housing. A 
conical cap 31 is attached to the housing, via threads in 
the housing, at the drill bit end of the housing. This cap 
seals that end of the housing to make the accelerometer 

so fully enclosed and protected from the borehole ele- 
ments. Contained in the accelerometer housing 27 is a 
filtering circuit 32 that serves to filter detected data. This 
filtering process is desirable to improve the quality of a 
signal to be telemetered to a receiver in the MWD tool. 

55 Annular batteries 33 are used to provide power to the 
accelerometer 25a, the filtering circuit 32 and the elec- 
tronic boards 36. A standard API joint 34 is used to at- 
tach different drill bits 1 4 to the extended bit box. A pres- 
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sure shield 35 encloses the various components of the 
invention to shield them from borehole pressures. This 
shield may also serve as a stabilizer. Electronic boards 
36, located between the drive shaft 15 and the transmit- 
ter 22, control the acquisition and transmission of sensor 
measurements. These boards contain a microproces- 
sor, an acquisition system for accelerometer data, a 
transmission powering system and a shock sensor. This 
electronic circuitry is common in downhole drilling and 
data acquisition equipment. In this embodiment of the 
present invention, the electronics are placed on three 
boards and recessed into the outer wall of the drive shaft 
15 so as to maintain the strength and integrity of the 
shaft wall. Wires connect the boards to enable commu- 
nication between boards. 

[0031] A shock sensor 37, which can be an acceler- 
ometer, located adjacent to one of the electronic boards 
36 provides information about the shock level during the 
drilling process. The shock measurement helps deter- 
mine if drilling is occurring. Radial bearings 38 provide 
for the rotation of the shaft 1 5 when powered by the drill- 
ing motor. A read-out port 39 is provided to allow tool 
operators to access the electronic boards 36. 
[0032] As discussed previously, a transmitter 22 has 
an antenna that transmits signals from the bit box 21 
through the formation to a receiver located in or near the 
MWD tool in the drill string. This transmitter 22 has a 
protective shield 26 covering it to protect it from the bore- 
hole conditions. The antenna and shield will be dis- 
cussed below. 

[0033] Fig. 7 gives a perspective view of the present 
invention and provides a better view of some of the com- 
ponents. As shown, a make-up tool 40 covers a portion 
of the bit box. The ports 40a in the drive shaft 15 serve 
to anchor the make-up tool 40 on the drive shaft. This 
make-up tool is used when connecting the drill bit 14 to 
the bit box. Also shown is the protective shield 26 around 
the transmitter 22. The shield has slots 41 that are used 
to enable electro-magnetic transmission of the signal. 
[0034] Fig. 8 provides a cross-section view of the bat- 
teries and the sensing instrumentation mounted inside 
the drive shaft of the present invention. As shown, the 
measuring instruments are located in the channel 15a 
of the drive shaft 15. The annular batteries 33 surround 
the drive shaft and supply power to the accelerometer 
25a. The housing 27 surrounds the accelerometer. The 
housing is secured to the drive shaft by a bolt 29. A con- 
nector 42 attaches the accelerometer 25a to the housing 
27. A fixture 43 holds the bolt 29. The pressure shield 
35 surrounds the annular batteries 33. 
[0035] Fig. 9 shows a cross-section view of the trans- 
mitter 22 in an extended bit box implementation. A pro- 
tective shield 26 encloses the antenna 22a. This shield 
has slots 41 that provide for the electro-magnetic trans- 
mission of the signals. In this embodiment, the antenna 
22a is comprised of a pressure tight spindle 44. Ferrite 
bars 45 are longitudinally embedded in this spindle 44. 
Around the ferrite bars is wiring in the form of a coil 47. 
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The coil is wrapped by the VITON® rubber ring 46 for 
protection against borehole fluids ("VITON" is a regis- 
tered United States trademark of DuPont Dow Elastom- 
ers). 

5 [0036] An epoxy ring 48 is adjacent the coil and ferrite 
bars. A slight void 49 exists between the shield 26 and 
the VITON® rubber ring 46 to allow for expansion of the 
ring 46 during operations. Inside the spindle 44 is the 
drive shaft 15. The electronic boards 36 are located be- 

10 tween the spindle 44 and the drive shaft 15. Also shown 
is the channel 15a through which the drilling mud flows 
to the drill bit. 

[0037] In another embodiment of the invention, the in- 
strumentation for measuring drilling and drilling tool pa- 
is rameters and formation characteristics is placed directly 
in the drill bit. This instrumented drill bit system is shown 
schematically in Fig. 1 0. The drill bit 14 contains an ex- 
tension 51 that connects the drill bit to the bit box and 
drill string. As shown, the extension 51 comprises the 
20 upper portion of the drill bit. The accelerometer 25a and 
the transmitter 22 are positioned in the extension in a 
manner similar to the extended bit box and extended 
sub embodiments. This instrumented drill bit would fit 
into a tool such as the one described in Fig. 1. The in- 
25 strumented drill bit 14 is connected to the bit box 19. As 
with the other embodiments, the bit box 19 is attached 
to a drive shaft 15 that is connected to the drilling motor 
1 6 via the bearing section 20. Drilling fluid flows through 
the drive shaft channel 15a to the drill bit. A receiver 23 
30 is located above the drilling motor and usually in an 
MWD tool 18. It should be mentioned that the drilling 
motor is not essential to the operation of this embodi- 
ment. 

[0038] As previously mentioned, the earth formation 
35 properties measured by the instrumentation in the 
present invention preferably include natural radioactivity 
(particularly gamma rays) and electrical resistivity (con- 
ductivity) of the formations surrounding the borehole. As 
with other formation evaluation tools, the measurement 
40 instruments must be positioned in the bit box in a man- 
ner to allow for proper operation of the instruments and 
to provide reliable measurement data.. 
[0039] It now will be recognized that new and im- 
proved methods and apparatus have been disclosed 
45 which meet all the objectives and have all the features 
and advantages of the present invention. 

Claims 

50 

1 . A system for making downhole measurements dur- 
ing the drilling of a borehole (13) using a drill bit (1 4) 
at the bottom end of a drill string (10), said system 
comprising in combination: 

55 

a) a drill bit connecting means (21) for connect- 
ing said drill bit to said drill string, said drill bit 
connecting means being characterized by con- 
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taining one or more instruments (25) for making 
downhole measurements near said drill bit; 

b) a first telemetry means (22) located in said 
connecting means capable of transmitting sig- 
nals to and receiving signals from an uphole lo- 5 
cation; and 

c) a second telemetry means (23) located up- 
hole from said first telemetry means for com- 
municating with said first telemetry means. 

10 

2. The system of claim 1 wherein said first telemetry 
means (22) transmits signals representative of 
downhole measurements made by said instruments 
(25) uphole to said second telemetry means (23). 

15 

3. The system of claim 1 wherein said second telem- 
etry means (23) is located in a measuring while drill- 
ing tool (18) located in said drill string (10). 

4. The system of claim 1 further comprising a drive 20 
shaft (15) attached to said drill bit connecting 
means. 

5. The system of claim 4 wherein at least one of said 
one or more instruments is an accelerometer (25a) 25 
capable of measuring borehole inclination. 

6. The system of claim 5 wherein said one or more 
instruments (25) are located in said drive shaft (15) 
which turns the drill bit (14) and which serves as a 30 
channel (15a) through which drilling fluid flows. 

7. The system of claim 6 further comprising in said 
shaft (1 5) an instrument housing (27) for containing 
said accelerometer (25a), a diverter (30) attached 35 
to said uphole end of said housing for diverting drill- 
ing fluid and a cap (31) attached to said downhole 
end of said housing for sealing said accelerometer 
from borehole elements. 

40 

8. The system of claim 1 wherein said one or more 
instruments (25) comprise one or more instruments 
for measuring drill bit parameters. 

9. The system of claim 4 further comprising means 45 
(33,36) attached to said drive shaft for powering and 
controlling said instruments. 

10. The system of claim 1 wherein said one or more of 
said instruments (25) have the capability of making so 
measurements of one or more of gamma rays em- 
anating naturally from the formations, electrical re- 
sistivity of the formations, inclination of the bore- 
hole, direction of the borehole, weight on the drill 

bit, torque on the drill bit, and drive shaft speed. 55 

11. An apparatus for connecting a drill bit (14) to other 
downhole drilling equipment (19) in a drill string 



(10), said connecting apparatus being character- 
ized by 

a) a sensor means (25) for taking drilling con- 
dition and/or formation measurements during 
drilling; 

b) a housing (24) having one end connected to 
said drill bit and a second end connected to said 
downhole drilling equipment, said housing con- 
taining said sensor means; and 

c) a telemetry means (22) contained in said 
housing for transmitting data to and receiving 
data from an uphole location. 

12. The apparatus of claim 11 further comprising: 

d) means (33) for supplying power to said sen- 
sor means and said telemetry means; and 

e) control means (36) for controlling compo- 
nents in said sensor and telemetry means. 

13. The apparatus of claim 11 wherein said telemetry 
means (22) comprises a transmitting and receiving 
antenna (22a) and a shield (26). 

14. The apparatus of claim 11 wherein said sensor 
means comprises an accelerometer (25a), a hous- 
ing (27) for containing said accelerometer, a divert- 
er (30) attached to said uphole end of said housing 
for diverting drilling fluid passing through said ap- 
paratus around said housing, and a cap (31) at- 
tached to said downhole end of said housing for 
sealing said accelerometer from borehole ele- 
ments. 

15. A system for use in making downhole measure- 
ments during the drilling of a borehole, said system 
comprising in combination: 

a) a drill bit (14) at the bottom end of a drill string 
(10); said system being characterized by 

b) instrumentation (25) contained in said drill bit 
(14) for measuring drilling and/or drill bit param- 
eters and/or earth formation characteristics; 

c) a first telemetry means (22) located in said 
drill bit for communicating with uphole telemetry 
equipment; and 

d) a second telemetry means (23) located in 
said drill string and uphole from said first telem- 
etry means for communicating with said first te- 
lemetry means. 

16. The system of claim 15 wherein said first telemetry 
means (22) transmits signals representative of 
downhole measurements made by said instrumen- 
tation (25) uphole to said second telemetry means. 

1 7. The system of claim 1 5 wherein said second telem- 
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etry means (23) is located in a measuring while drill- 
ing tool (18) located in said drill string. 

18. The system of claim 15 wherein said drill bit (14) 
has an extension (51) for connecting said drill bit to 
said string, said extension containing said instru- 
mentation (25) and said first telemetry means (22), 
and wherein said telemetry means (22) comprises 
a shield (26). 

19. An instrumented drill bit for drilling a borehole and 
taking measurements during said drilling compris- 
ing: 

a) a drill bit (14), said bit being characterized by 
an extension (51 ) for connecting said drill bit to 
a downhole drill string (10); 

b) instrumentation (25) contained in said exten- 
sion for measuring drilling and/or drill bit and/or 
earth formation characteristics; and 

c) a telemetry means (22) contained in said ex- 
tension for transmitting to and receiving signals 
from an uphole telemetry means (23). 

20. The instrumented drill bit of claim 19 wherein said 
extension (51) is a tubular housing. 

21. The instrumented drill bit of claim 19 further com- 
prising: 

d) power means (33) for supplying power to 
said instrumentation and telemetry means; and 

e) control means (36) for operating compo- 
nents in said instrumentation and telemetry 
means. 



PatentansprUche 

1. System zum Ausfiihren von Messungen im Bohr- 
loch wShrend des Bohrens eines Bohrlochs (1 3) un- 
ter Verwendung einer Bohrkrone (14) am unteren 
Ende eines Bohrstrangs (10), wobei das System in 
Kombination umfaBt: 

a) eine Bohrkronen-Verbindungseinrichtung 
(21) zum Verbinden der Bohrkrone mit dem 
Bohrstrang, wobei die Bohrkronen-Verbin- 
dungseinrichtung dadurch gekennzeichnet ist, 
daf3 sie ein Oder mehrere Instruments (25) zum 
Ausfiihren von Messungen im Bohrloch in der 
NShe der Bohrkrone enth< 

b) eine erste Telemetrie-Einrichtung (22), die 
sich in der Verbindungseinrichtung befindet 
und Signale an eine in bezug auf das Bohrloch 
obere Stelle senden und hiervon Signale emp- 
fangen kann; und 

c) eine zweite Telemetrie-Einrichtung (23), die 



sich in bezug auf das Bohrloch uber der ersten 
Telemetrieeinrichtung befindet, urn mit der er- 
sten Telemetrieeinrichtung zu kommunizieren. 

5 2. System nach Anspruch 1 , bei dem die erste Tele- 
metrieeinrichtung (22) Signale, die von den Instru- 
menten (25) ausgefuhrte Messungen im Bohrloch 
reprfisentieren, im Bohrloch aufw&rts zur zweiten 
Telemetrieeinrichtung (23) sendet. 

10 

3. System nach Anspruch 1 , bei dem die zweite Tele- 
metrieeinrichtung (23) sich in einem Werkzeug (18) 
zum Messen wShrend des Bohrens befindet, das 
sich seinerseits im Bohrstrang (10) befindet. 

15 

4. System nach Anspruch 1 , ferner mit einer Antriebs- 
welle (15), die an der Bohrkronen-Verbindungsein- 
richtung befestigt ist. 

20 5. System nach Anspruch 4, bei dem wenigstens ei- 
nes des einen Oder der mehreren Instrumente ein 
Beschleunigungsmesser (25a) ist, der eine Bohr- 
lochneigung messen kann. 

25 6. System nach Anspruch 5, bei dem sich das eine 
Oder die mehreren Instrumente (25) in der Antriebs- 
welle (15) befinden, die die Bohrkrone (14) dreht 
und die als ein Kanal (15a) dient, durch den Bohr- 
fluid stremt. 

30 

7. System nach Anspruch 6, ferner mit einem Instru- 
mentengehause (27) in der Welle (15), das den Be- 
schleunigungsmesser (25a) enthalt, einem Ablen- 
ker (30), der an dem in bezug auf das Bohrloch obe- 

35 ren Ende des Geniuses befestigt ist, urn Bohrfluid 
abzulenken, und einer Kappe (31), die an dem in 
bezug auf das Bohrloch unteren Ende des GehSu- 
ses befestigt ist, urn den Beschleunigungsmesser 
von Bohrlochelementen abzudichten. 

40 

8. System nach Anspruch 1 , bei dem das eine Oder 
die mehreren Instrumente (25) ein Oder mehrere In- 
strumente zum Messen von Bohrkronenparame- 
tem umfassen. 

45 

9. System nach Anspruch 4, ferner mit einer Einrich- 
tung (33, 36), die an der Antriebswelle befestigt ist, 
urn die Instrumente mit Leistung zu versorgen und 
urn sie zu steuern. 

50 

10. System nach Anspruch 1, bei dem das eine Oder 
die mehreren Instrumente (25) Messungen der 
Gammastrahlen, die in naturticher Weise aus den 
Formationen austreten, und/oder des spezifischen 

55 elektrischen Widerstandes der Formationen und/ 
Oder der Neigung des Bohrlochs und/oder der Rich- 
tung des Bohrlochs und/oder des Gewichts der 
Bohrkrone und/oder des Drehmoments der Bohr- 
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krone und/oder der Antriebswellendrehzahlausfuh- 
ren konnen. 

11. Vorrichtung zum Vertinden einer Bohrkrone (14) 
mit einer anderen im Bohrloch befindlichen Bohr- 
ausriistung (19) in einem Bohrstrang (10), wobei 
die Verbindungsvorrichtung gekennzeichnet ist 
durch 

a) eine Sensoreinrichtung (25) zum Ausfuhren 
von Bohrbedingungs- und/oder Forrnations- 
messungen wahrend des Bohrens; 

b) ein GehSuse (24), wovon ein Ende mit der 
Bohrkrone verbunden ist und das zweite Ende 
mit dem in bezug auf die im Bohrloch befindli- 
che Bohrausiistung verbunden ist, wobei das 
Gehause die Sensoreinrichtung enthait; und 

c) eine Telemetrieeinrichtung (22), die im Ge- 
hause enthalten ist, urn Daten an einen in be- 
zug auf das Bohrloch oberen Ort zu senden und 
hiervon Daten zu empfangen. 

12. Vorrichtung nach Anspruch 11 , die ferner umfaGt: 

d) eine Einrichtung (33), die an die Sensorein- 
richtung und an die Telemetrieeinrichtung Lei- 
stung liefert; und 

e) eine Steuereinrichtung (36), die Komponen- 
ten im Sensor und in der Telemetrieeinrichtung 
steuert. 

13. Vorrichtung nach Anspruch 11 , bei der die Teleme- 
trieeinrichtung (22) eine Sende- und Empfangsan- 
tenne (22a) sowie eine Abschirmung (26) umfaBt. 

14. Vorrichtung nach Anspruch 11 , bei der die Sensor- 
einrichtung einen Beschleunigungsmesser (25a), 
ein den Beschleunigungsmesser enthaltendes Ge- 
hause (27), einen an dem in bezug auf das Bohrloch 
oberen Ende des Gehauses befestigten Ablenker 
(30) zum Ablenken von durch die Vorrichtung und 
urn das Gehause sich bewegendem Bohrfluid so- 
wie eine Kappe (31), die an dem in bezug auf das 
Bohrloch unteren Ende des Gehauses befestigt ist, 
urn den Beschleunigungsmesser von Bohrlochele- 
menten abzudichten, umfaBt. 

15. System zur Verwendung bei der Ausfuhrung von 
Messungen im Bohrloch wahrend des Bohrens ei- 
nes Bohrlochs, wobei das System in Kombination 
umfaBt: 

a) eine Bohrkrone (14) am unteren Ende eines 
Bohrstrangs (10), wobei das System gekenn- 
zeichnet ist durch 

b) eine Instrumentenanordnung (25), die in der 
Bohrkrone (14) enthalten ist, urn Bohr- und/ 
Oder Bohrkronenparameter und/oder Erdfor- 



mationseigenschaften zu messen; 

c) eine erste Telemetrieeinrichtung (22), die 
sich in der Bohrkrone befindet, urn mit dem in 
bezug auf das Bohrloch oberen Telemetriege- 

5 rSt zu kommunizieren; und 

d) eine zweite Telemetrieeinrichtung (23), die 
sich im Bohrstrang und in bezug auf das Bohr- 
loch uber der ersten Telemetrieeinrichtung be- 
findet, urn mit der ersten Telemetrieeinrichtung 

10 zu kommunizieren. 

16. System nach Anspruch 15, bei dem die erste Tele- 
metrieeinrichtung (22) Signale, die im Bohrloch 
ausgefuhrte Messungen reprasentieren, die von 

is der Instrumentenanordnung (25) ausgefuhrt wer- 
den, nach oben zur zweiten Telemetrieeinrichtung 
sendet. 

17. System nach Anspruch 15, bei dem sich die zweite 
20 Telemetrieeinrichtung (23) in einem Werkzeug (1 8) 

zum Messen wahrend des Bohrens befindet, das 
sich seinerseits im Bohrstrang befindet. 

18. System nach Anspruch 15, bei dem die Bohrkrone 
25 (1 4) eine Veriangerung (51 ) aufweist, urn die Bohr- 
krone mit dem Strang zu vertinden, wobei die Ver- 
iangerung die Instrumentenanordnung (25) und die 
erste Telemetrieeinrichtung (22) enthait, und bei 
dem die Telemetrieeinrichtung (22) eine Abschir- 

30 mung (26) umfaBt 

19. Mit Instrumenten versehene Bohrkrone zum Boh- 
ren eines Bohrlochs und zum Ausfuhren von Mes- 
sungen wahrend des Bohrens, umfassend: 

35 

a) eine Bohrkrone (14), die gekennzeichnet ist 
durch eine Veriangerung (51) zum Verbinden 
der Bohrkrone mit einem in bezug auf das Bohr- 
loch unteren Bohrstrang (10); 
40 b) eine Instrumentenanordnung (25), die in der 

Veriangerung enthalten ist und Bohr- und/oder 
Bohrkronen- und/oder Erdformations-Eigen- 
schaften rniBt; und 

c) eine Telemetrieeinrichtung (22), die in der 
45 Veriangerung enthalten ist und Signale an eine 

in bezug auf das Bohrloch obere Telemetrieein- 
richtung (23) sendet und von dieser empfangt. 

20. Mit Instrumenten versehene Bohrkrone nach An- 
so spruch 19, bei dem die Veriangerung (51) ein rdh- 

renfflrmiges Gehause ist. 

21. Mit Instrumenten versehene Bohrkrone nach An- 
spruch 19, ferner umfassend: 

55 

d) eine Leistungsversorgungseinrichtung (33) 
zum Versorgen der Instrumentenanordnung 
und der Telemetrieeinrichtung mit LTeistung; 
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und 

e) eine Steuereinrichtung (36) zum Betreiben 
der Komponenten in der Instrumentenanord- 
nung und in derTelemetrieeinrichtung. 



Revendicatlons 

1. Syst&me pour effectuer des mesures en aval pen- 
dant le forage d'un trou de forage (13), en utilisant 
une mfeche de forage (14) k I'extr6mit6 inferieure 
d'un train de forage (10), ledit sysfeme comprenant 
en cornbinaison : 

a) un moyen de liaison (21) de la m6che de fo- 
rage pour relier ladite mfeche de forage audit 
train de forage, ledit moyen de liaison de la m£- 
che de forage Stant caract6ris6 par le fait qu'ii 
contient au moins un instrument (25) pour ef- 
fectuer des mesures en aval k proximity de la- 
dite m&che de forage ; 

b) un premier moyen de t6!6m6trie (22) situ6 
dans ledit moyen de liaison, capable de trans- 
mettre des signaux vers une position situ^e en 
amont et de recevoir des signaux depuis cette 
position ; et 

c) un second moyen de t616m6trie (23) situ6 en 
amont dudit premier moyen de t6l6m6trie, pour 
communiquer avec ledit premier moyen de t& 
Igmgtrie. 

2. Systeme selon la revendication 1 , dans lequel ledit 
premier moyen de t6l6m6trie (22) transmet des si- 
gnaux repr6sentatifs des mesures effectu6es en 
aval par lesdits instruments (25) situ6s en amont 
dudit second moyen de t6l6m6trie (23). 

3. Systeme selon la revendication 1 , dans lequel ledit 
second moyen de t6l6m6trie (23) est situ6 dans un 
instrument (18) qui mesure pendant qu'il fore, situ6 
dans ledit train de forage (10). 

4. Systeme selon ia revendication 1 , comprenant en 
outre un arbre de commande (1 5) fix6 audit moyen 
de liaison de la mfeche de forage. 

5. Systfcme selon la revendication 4, dans lequel au 
moins Tun desdits au moins un instrument est un 
acc6!6rom6tre (25a) capable de mesurer Pinclinai- 
son du trou de forage. 

6. Systeme selon la revendication 5, dans lequel ledit 
au moins un instrument (25) est situ6 dans ledit ar- 
bre de commande (15) qui fait tourner la m&che de 
forage (1 4) et qui sert de canal (1 5a) k travers lequel 
s'6coule du fluide de forage. 

7. Systfcme selon la revendication 6, comprenant en 



outre dans ledit arbre (15) un logement (27) d'ins- 
trument pour contenir ledit acc6l6rom&tre (25a), un 
d6rivateur (30) fix6 k ladite extr6mit§ amont dudit 
logement pour d6river un fluide de forage, et un 
5 bouchon (31 ) fix6 k ladite extremity aval dudit loge- 
ment, pour 6tanch6iser ledit acc6!6rom6tre vis k vis 
des elements de forage. 

8. Syst&me selon la revendication 1 , dans lequel les- 
10 dits instruments (25) comprennent au moins un ins- 
trument pour mesurer des param&tres de la mfcche 
de forage. 

9. Systeme selon la revendication 4, comprenant en 
15 outre des moyens (33, 36) fixes audit arbre de com- 
mande, pour alimenter et contrdler lesdits instru- 
ments. 

10. Systdme selon la revendication 1 , dans lequel ledit 
20 au moins un desdits instruments (25) presente la 

capacity d'effectuer des mesures d'au moins un 
rayon gamma emanant naturellement des forma- 
tions, de la resistivity eiectrique des formations, de 
I'inclinaison du trou de forage, de la direction du trou 
25 de forage, du poids applique sur la mfcche de fora- 
ge, du moment applique sur la mfcche de forage, et 
de la Vitesse de I'arbre de commande. 

1 1 . Appareil pour relier une m&che de forage (1 4) k un 
30 autre 6quipement de forage situe en aval (19) dans 

un train de forage (10), ledit appareil de liaison etant 
caracterise par 

a) un moyen capteur (25) pour saisir des me- 
35 sures de la condition du forage et/ou de la for- 
mation pendant le forage; 

b) un logement (24) ayant Tune de ses extr6mi- 
t6s relive k ladite m&che de forage et une se- 
conde extremity relive audit equipement de fo- 

40 rage situe en aval, ledit logement contenant le- 

dit moyen capteur ; et 

c) un moyen de teiernetrie (22) contenu dans 
ledit logement, pour transmettre des donnees 
vers une position situ6e en amont et pour rece- 

45 voir des donnees depuis cette position. 

12. Appareil selon la revendication 11, comprenant en 
outre: 

50 d) un moyen (33) pour fournir une alimentation 

audit moyen capteur et audit moyen de 
teiernetrie ; et 

e) un moyen de contrflle (36) pour le contrOle 
des composants dans ledit moyen capteur et 
55 ledit moyen de teiernetrie. 

1 3. Appareil selon la revendication 1 1 , dans lequel ledit 
moyen de teiernetrie (22) comprend une antenne 
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de transmission et de reception (22a) et un 6cran 
(26). 

14. Appareil selon la revendication 11 , dans lequel ledit 
moyen capteur comprend un acc6l6romfctre (25a), 5 
un logement (27) pourcontenir ledit acc6l6romfctre, 
un d^rivateur (30) fix 6 & ladite extr6mit6 amont dudit 
logement pour driver du fluide de forage passant 
& travers ledit appareil autour dudit logement, et un 
bouchon (31 ) fix6 k ladite extr6mit£ aval dudit loge- ' o 
ment pour 6tanch6iser ledit acc6!6rom6tre vis & vis 
des 6l6ments de forage. 



15. Systeme destine k 6tre utilise pour effectuer des 
mesures en aval pendant le forage d'un trou de fo- 
rage, ledit systeme comprenant en combinaison : 



6tant caract6ris6e par une extension (51) pour 
relier ladite mfcche de forage h un train de fo- 
rage situ6 en aval (10); 

b) une instrumentation (25) contenue dans la- 
dite extension pour mesurer des caracteristi- 
ques du forage et/ou de la mfeche de forage et/ 
ou de la formation de sol ; et 

c) un moyen de t£l6m6trie (22) contenu dans 
ladite extension, pourtransmettre des signaux 
vers et recevoir des signaux depuis un moyen 
de t6l6m6trie situ6 en amont (23). 



a. une mfcche de forage (14) & rextrtimM inte- 
rieure d'un train de forage (10) ; ledit syst&me 
6tant caract6ris6 par 20 

b. une instrumentation (25) contenue dans la- 
dite m6che de forage ( 1 4) pour mesurer des pa- 
ramfetres du forage et/ou de la m&che de forage 
et/ou des caracteristiques de la formation du 

sol ; 25 

c. un premier moyen de t6!6m§trie (22) situ6 
dans ladite de forage, pour communiquer avec 
un 6quipement de t6!6m6trie situ6 en amont ; et 

d. un second moyen de t6l6m£trie (23) situ6 
dans ledit train de forage et situ6 en amont par 30 
rapport audit premier moyen de t6l6m6trie, 
pour communiquer avec ledit premier moyen 

de t6l6m6trie. 



20. Mfcche de forage instrument^ selon la revendica- 
tion 19, dans laquelle ladite extension (51) est un 

15 logement tubulaire. 

21. Mdche de forage instruments selon la revendica- 
tion 19, comprenant en outre: 



d) un moyen d'alimentation (33) pour fournir 
une alimentation & ladite instrumentation et 
audits moyens de t6l6m6trie; 

e) un moyen de contr6le (36) pour le fonction- 
nement des composants dans ladite instru- 
mentation et dans lesdits moyens de t6l6m6- 
trie. 



16. Syst&me selon la revendication 15, dans lequel ledit 
premier moyen de t6!6m6trie (22) transmet des si- 
gnaux repr6sentatifs des mesures effectuSes en 
aval par ladite instrumentation (25) situ6e en amont 
dudit second moyen de t6l6m6trie. 

1 7. Systeme selon la revendication 1 5, dans lequel ledit 
second moyen de t6l6m6trie (23) est situ6 dans un 
instrument qui mesure pendant qu'il fore (18) situ6 
dans ledit train de forage. 

18. Systeme selon la revendication 15, dans lequel la- 
dite mfcche de forage (14) pr6sente une extension 
(51) pour relier ladite m&che de forage audit train, 
ladite extension contenant ladite instrumentation 
(25) et ledit premier moyen de t6l6m6trie (22), et 
dans lequel ledit moyen de t6l6m6trie (22) com- 
prend un Scran (26). 

1 9. M&che de forage instruments pour forer un trou de 
forage et saisir des mesures pendant ledit forage, 
comprenant : 
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a) une mfcche de forage (14), ladite m&che 
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FIG. 2 
(PRIOR ART) 
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FIG. 4 
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FIG. 5 



15 



EP0 900 917 B1 




FIG. 6 
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FIG. 8 
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